and in those with more ankle plantar flexion. 10 It is noteworthy that weight bearing does not change the MCS value. 3 It was also reported that using a standard value of >4 mm of MCS for predicting deep deltoid ligament injury results in a 53.6% false positive rate. 11 The purpose of this study was to access the influence of different foot positions, with and without stress, on the MCS width on anteroposterior radiographs.
Materials and Methods
This study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki, being approved by our hospital institutional review board. Informed consent was obtained from all participants included in the study.
In March 2016, we selected 30 volunteers from our hospital staff, 22 men and 8 women, with an average age of 32 years and an average weight of 76 kg. Individuals with any anatomic variation, previous foot and ankle surgery, deformities, previous sprains, or pain around the ankle were excluded. All patients answered a demographic questionnaire and submitted to 6 different anteroposterior (AP) nonweight-bearing digital radiographs of the ankle in the following positions: neutral, neutral with external rotation stress, physiologic plantar flexion (FPF), physiologic plantar flexion with external rotation stress, maximum plantar flexion (MPF), and maximum plantar flexion with external rotation stress. The same foot and ankle surgeon positioned all patients and administered external rotation stress for consistency but this was not mechanically controlled.
The MCS was measured by experienced foot and ankle surgeons who were blinded to the demographics of the individual patients. Two different reliable and reproducible methods 3 were used in each of the 360 radiographs obtained (Figure 1 ):
MCS oblique (MCSo):
Measured as the distance from the superomedial aspect of the talus to the superomedial corner of the tibial plafond, recorded in millimeters.
MCS perpendicular (MCSp):
Measured as the distance from the medial border of the talus to the lateral border of the medial malleolus on a line parallel to the medial articular surface, half the distance between the talar dome and the inferior aspect of the medial articular surface, recorded in millimeters.
All measurements were made with a virtual ruler on magnified digital images and rounded to the nearest 0.1 mm in PACS software.
For statistical analysis, the hypothesis of normality distribution of variants was tested with the Doornik-Hansen and Shapiro-Wilk tests. For normal variants, the paired t test was used as the correlation method. For nonnormal variants, the Wilcoxon test was used. A 95% confidence interval was considered (P < .05). All data were analyzed in GraphPad Prism 5.0 software.
Results
The results showed that the position of the foot influences the value of both MCSp and MCSo (P < .05). MCSo did not change between FPF with stress and MPF with stress (Table 1) . MCSp did not change in 2 situations: between FPF and neutral (both with stress) and between MPF and FPF (both with stress) ( Table 2 ). Figure 2 shows the average MCS value for each foot position, in both spots. It demonstrates that there is an increase in MCS as the ankle is positioned in more plantar flexion and when it is submitted to external rotation stress. This pattern is not true when comparing the 3 situations in which the positions did not influence the MCS. Figure 3 shows how much the MCS increases in each position tested, compared to the neutral position. It is displayed in ascending order and further demonstrates the influence of plantar flexing and stressing the ankle in the increase of the MCS. Tables 1 and 2 show the minimum, average, maximum, and standard deviation values of the MCS in the 6 positions tested. It is noteworthy that MCSo, on average, is 15% wider than MCSp, in all positions tested. It is also noticeable that, from the neutral position, plantar flexing the ankle had a great impact on MCS than external rotation stress, increasing MCSp by 25% and 22%, respectively. MCSo follows the same pattern, with 21% and 17%, respectively.
Discussion
Supination-external rotation (SER) ankle fractures are the most common ankle fractures. 12 These injuries can be stable, which can be managed nonoperatively with a cast or walking boot, or unstable, demanding operative treatment. Unstable lesions are often described as those SER fracture patterns with a concomitant deltoid ligament injury. 13 Originally, Kristensen 14 described the MCS of >4 mm as diagnostic of deltoid ligament injury. However, a threshold of 5 mm performed with the ankle in dorsiflexion with external rotation stress has been found to be the most predictive value for deltoid ligament transection after distal fibular fracture. 7 Many forms of measuring MCS have been described. The MCSo and MCSp were studied by Murphy et al, 3 who found means of 3.2 (±0.7) and 2.6 (±0.7), respectively, with weightbearing mortise radiographs. This may explain why these authors found lower values than what we found, as our study used AP non-weight-bearing radiographs. Murphy et al also suggested that MCSo is inherently less sensitive to lateral talar shift because it is measured at a 45° tangential line relative to the direction of talar translation, making MCSp a more direct and better measure than MCSo. Other studies have used the comparison with the superior clear space (SCS) as a control for normal anatomic variations of the MCS, stating that the MCS should not exceed 1 mm from the SCS. 5, 9 The position of the ankle to measure MCS has also been studied. Saldua et al 10 found an average increase of 0.38 mm in MCS with ankle plantar flexion from 0° to 45°, using mortise radiographs. In our study, we found an average increase of 0.66 mm from neutral to FPF at MCSp and of 0.90 mm at MCSo, using AP radiographs, which may explain why the values encountered were so different. These is still a lack defining evidence in the literature that establishes a gold standard for diagnosing deltoid ligament ruptures. Many authors have created different protocols for making clinical decisions in patients with SER ankle fractures. Koval et al 15 reported a study in which they used magnetic resonance imaging to confirm deltoid ligament lesion after a positive ankle stress radiograph (MCS ≥5 mm as limit). This study showed 90% of patients (19 of 21) with a partially torn deltoid ligament. These authors considered that as a stable lesion and a false positive stress radiograph. As such those patients were treated conservatively. However, there was a lack of information regarding the specific position of the ankle in which the stress radiograph was made. Furthermore, Hoshino et al 16 studied individuals with positive external rotation stress radiographs (MCS ≥4 mm or ≥1 mm difference from the SCS), performing a weight-bearing radiograph 1 week after the acute injury, to see if instability was present. They found 33 (92%) stable ankles, which led them to treat these patients conservatively, having good results at a 6-month follow-up.
One very interesting finding in our study is that using a threshold of ≥5 mm for MCSp, the majority of our normal This study is unique on in that is shows the position the foot and the application of stress results in completely different MCS values, and that these values differ depending on the anatomical site where they are measured. There were 3 situation where we were not able demonstrate statistical significance: MCSo does not change between FPF with stress and MPF with stress and MCSp did not change between FPF and neutral with stress and between MPF and FPF with stress.
All these data indicate that we need to establish a gold standard for measuring MCS, taking into consideration patient sex, height, location of measurement of MCS, position of the foot, type of radiograph (AP or Mortise), possible contralateral ankle radiograph as standard point, 3 and maybe other still undiscovered variables.
This study was not able to address all variables that influence directly on MCS and therefore we did not intend to establish this new gold standard. Further studies are needed to accomplish this extremely important goal.
